Calcaneo-scaphoid coalition occurs in a number of forms, having one feature in common, namely, a skeletal abnormality of the calcaneo-scaphoid gap. The condition is congenital, but nothing is known of its causation. Ranking at first as merely an anatomical curiosity, it was later recognized to be frequently associated with spasmodic flat-foot. Probably 25% of all cases of spasmodic flat-foot show this skeletal anomaly in some form or other.
The purpose of this paper is to direct attention to a condition which, in my opinion, has been a little neglected. In my very short experience, calcaneo-scaphoid coalition is by no means rare, and if the condition has no other interest, it gives us an explanation of the persistency of some cases of spasmodic flat-foot.
Definition.-Calcaneo-scaphoid coalition is the name given to a skeletal abnormality of the foot in which a more or less complete bony bridge extends from the anterior end of the os calcis to the lateral process of the scaphoid. At least eight forms have been described, and are best illustrated diagrammatically.
(1) A cartilaginous bar, seen in early life, joining the two bones (Eoll, Dwight, Capener's case).
(2) The same condition in later life (Dwight, Badgley) .
(3) A bony bar interrupted by a thin layer of fibrous tissue. This is the most common condition; cases are recorded by Pfitzner, Dwight, Slomann, Badgley and Thurstan Holland. (4) A complete bony bar (Pfitzner, Dwight, Slomann and Badgley). (5) An exaggeration of the normal anterior process of the os calcis (Pfitzner, Dwight and Thurstan Holland).
(6) A prolongation of the lateral process of the scapboid (Pfitzner). by Zuckerkandl, which seems to be unique ( fig. 9 ). In 1896 Pfitzner [2] published his monumental work on anomalies of the bones of the feet, based on the dissection of over 800 specimens. He found a secondary os calcis in sixteen cases, and expressed the opinion that the occurrence of this ossicle explained the existence of a more or less complete bony bar in certain other cases. He says that this little bone 420 92 " follows the tendency of the inconstant tarsalia to fuse to the neighbouring bones; it may show itself either, as is most usual, as a protuberance on the os calcis, or as a protuberance on the scaphoid, or finally, if it attaches itself closely to both, as a coalition of the os calcis and the scaphoid."
In his opinion the condition has no clinical significance. The same conclusion was reached by Dwight [3] who in 1907 published a clinical atlas of "Variations of the bones of the hands and feet." He says:
"The question has arisen whether synchrondrosis of these bones has any important effect on the shape of the foot. Holl believed it to be a cause of flat-foot. My experience tallies
exactly with Pfitzner's, who disagrees with this theory. We both have seen beautifully shaped feet with high arches where this arrangement exists, but we also have seen some cases of broken-down feet. Probably it has no effect one way or the other."
In 1921 Slomann [41 of Copenhagen published a paper establishing this condition as a clinical entity. He states dogmatically that the condition is often associated with, or actually the cause of, intractable spasmodic flat-foot. Badgley [5], of Ann Arbor, writing in 1927, is in full agreement with Slomann.
It is at once evident that there is a sharp difference of opinion between the anatomists and the surgeons and in this connection I cannot do better than quote Slomann's amusing comment: "I am not in a position to give any explanation of this disagreement; the deformities which were present in my cases could not fail to ( 4. be seen even by an anatomist, and the relation of the coalition to the deformity is, in my opinion, unquestionable."
Lastly, Thurstan Holland [6] , writing in the " Robert Jones Birthday Volume," describes the condition from the radiological standpoint.
Frequtency.-In a series of 516 cases of flat-foot in children between the ages of 1 year and 14 years, sixteen were found to have spasmodic flat-foot. Of these, nine have been X-rayed; four of the nine show a calcaneo-scaphoid bar in the rigid foot (two cases are bilateral). It would appear that at least 25% of all cases of spasmodic flat-foot are due to the presence of a calcaneo-scaphoid coalition.
SECONDARY OS CALCIS SECONDARY OS CALCIS (tracing from X-ray Case 7.)
Four cases not in this series were under the care of Mr. Elmslie (two) and Mr. Capener (two), to whom my thanks are due.
Causation.-There is no reason to doubt that all the conditions I have enumerated have a common origin. This was the view held by Pfitzner, though there seems to be no particular justification for his regarding the secondary os calcis as the parent condition.
The condition is undoubtedly congenital, as a complete cartilaginous bar has many times been seen joining the scaphoid and os calcis in the feet of infants and young children. In the drawings shown (figs. 1 and la, p. 24) this condition, discovered accidentally at operation, is clearly demonstrated. The patient, aged 6, was under the care of Mr. Norman Capener, to whom I am indebted for the drawings. I had the good fortune to be assisting him when this condition was discovered.
However, we know nothing of the factors underlying this abnormal differentiation of the calcaneo-scaphoid gap. Neither comparative anatomy nor embryology gives any clue. I have found nothing even approaching this condition in the tarsal bones of apes or monkeys. Indeed, the constancy of the midtarsal joint as a functional and anatomical entity is most impressive. As we shall see later, the interference with the action at this joint resulting from the presence of the calcaneo-scaphoid bar explains the clinical picture.
The clinical condition is well defined. The patient is usually an adolescent, and complains Qf fairly constant pain in one foot, less often both feet.
On examination, a typical spasmodic flat-foot is found; the foot is held in valgus, the peronei are tight, attempts at inversion are futile and productive of pain in the foot and outer side of the calf. There may be tenderness anterior to or below the head and neck of the astragalus. Treatment is commenced, possibly manipulation under anesthesia and retention in plaster; a surgical boot with a short outside steel and a valgus T-strap are fitted; radiant heat, massage and movements are given a trial, and finally the tonsils are removed, with the most transient benefit, or no benefit at all. At last a skiagram is taken and the condition is discovered. Frequently there is a minor abnormality of the calcaneo-scaphoid gap on the clinically normal side. It is not claimed that every intractable spasmodic flat-foot will reveal this condition radiographically, nor that the presence of a coalition is invariably associated with spasmodic flat-foot. All one can say is that the two are found in association too frequently to be disregarded.
It is convenient at this point to emphasize the importance in diagnosis of the lateral oblique view of the foot. The inner border of the foot should rest on the negative, and the sole be inclined at an angle of 40 degrees with the negative. Thurstan Holland adds that the tube should be centred over the anterior tarsus. Probably many cases have been missed through neglect of this small, but important, point.
The explanation of the disability resulting from the presence of this condition is not difficult if one recalls the immense importance of free mobility in all the tarsal joints, a matter constantly emphasized by Mr. Bankart in his teaching on the treatment of flat-foot.
When weight is borne on the foot there is considerable flattening of the medial longitudinal arch, in which all the bones forming the arch have a share. The outer arch sinks very little; it hardly deserves to be called an arch. Simultaneously, there is complete flattening of the transverse arch, which involves slight spreading and alteration of alignment, not only of the metatarsals, but of the two tarsal masses, the cuneiform-scaphoid-astragalus component on the medial side and the cuboidcalcaneus component on the lateral side. Let us now suppose that a complete calcaneo-scaphoid bar is present. Weight is borne on the foot, the head of the astragalus sinks downwards and medially, but the scaphoid is held up by its connection with the os calcis, which being part of the outer arch, sinks very little. Immediately there is a severe strain put upon the astragalo-scaphoid and the neighbouring joints. As regards the transverse arch in such a foot, no lateral spreading of the tarsal bones can occur: it is prevented by the bar. The head of the astragalus has to move medially without any accompanying movement of the scaphoid and cuneiforms. This results in a strain of all the soft parts holding the astragalus in its bed. As one would expect, pain and tenderness are particularly marked beneath and anterior to the head and neck of the astragalus. The peronei by their tonic contraction check these abnormal movements and strains. And finally, if the condition is of long standing, traumatic arthritis inevitably appears in all the tarsal joints.
Nor is it difficult to explain why symptoms do not appear earlier in life. By the time a child reaches the age of 12 or 14, a tarsal bone has almost lost its cartilaginous envelope, and with it the elasticity that is associated with a partially cartilaginous skeleton. Henceforth movement must depend entirely on unhindered action between perfectly moulded joint surfaces, and any interference with this smooth action can no longer be compensated for by the elasticity of the moving parts. In Case 3 the calcaneo-scaphoid bar is poorly developed in the right foot and well-developed in the left. The degree of disability corresponds exactly. The well-developed bar produces a correspondingly great mechanical derangement.
Where the bar is not completely osseous there is probably some movement between the calcanean and scaphoid components and this furnishes another focus of mechanical irritation.
The relation of this condition to ordinary spasmodic flat-foot is that in calcaneoscaphoid coalition the irritant is mechanical, whereas in the other a low-grade infection is probably present. The peronei are in spasm in both as they alone are capable of splinting the tarsus effectively.
Treatment.-In the long run all the ordinary measures employed in the treatment of spasmodic flat-foot fail to relieve the condition when it is due to the presence of a calcaneo-scaphoid coalition. Slomann suggested that resection of the bony bar might be worth a trial, though he did not anticipate that the foot would be restored to normal, as nothing could be done to make good the normal ligamentous connections of the bones. Badgley did not consider this an insuperable objection to the operation and describes it in detail in his paper. However, with further experience, his faith in the simple resection was not established. In a recent personal communication (11.7.32) he writes: " I have used the resection of the coalition combined with a fusion of the subastragaloid joint with complete success in every case. There is only one case in which I have done a resection of the coalition without fusing the subastragaloid joint; this patient did well at first and then had severe spasm, but later this was followed by complete relief. I believe, however, that subastragaloid fusion is advisable in addition to excision of the coalition." I have performed the operation once. The only comment called for is that when the operation is performed through a horizontal curvilinear incision there is considerable danger of the skin sutures being torn out when the foot is forcibly inverted prior to the applicetion of the plaster. When I operated on the second foot I used a longitudinal dorsal incision in order to avoid this difficulty that I had encountered in the first foot. This is an uncomfortable approach though the wound is under no strain when the foot is inverted. The obvious incision, which I did not use, is a lateral vertical one.
In my case the immediate result was excellent, the feet were mobile, inversion was almost fuill, and there was no pain. Unfortunately, in a few months, in spite of careful after-treatment, the spasm and eversion returned. The deformity is as marked as ever it was, though there is no pain and the child is quite happy. If any further treatment is called for, it must be triple arthrodesis.
